Land use changes affect travel demand, resulting in the need to expand transportation infrastructure. Unfortunately, an inevitable consequence of urban sprawl, the spreading of a city to suburbs and outskirts, is the creation of auto-dependent development. Land use models forecast without considering underutilized roadways leading to urban sprawl. Any change in travel cost or detrimental growth pattern does not have any significant influence on future land use or location choice of future household and employment. This study addresses urban sprawl and available capacity utilization and combines those features with land use change model for planning more compact cities. This research conducted a rigorous step by step analysis to determine a better solution that results in more trips inside a case study community. Based on minimizing vehicle mileage traveled (VMT) and the number of congested links, a preferred scenario was identified that is one of the major contributions of this exploration. Hence, it is a preliminary initiative to promote transportation sustainability and build compact cities using current resources instead of the planning of future road network solely depending on the land use forecast model.
Introduction
Travel demand forecasting models use the four step process, trip generation, trip distribution, mode split, and traffic assignment, to estimate expected traffic volume on a roadway network to support transportation planning. Adding land growth pattern does not have a significant influence on future land use or location choice of future household and employment. Driven Apart, a new report from CEOs for Cities unveils that urban sprawl is the real cause of traffic congestion and the solution to this problem has much more to do with how we build our cities than how we build our roads (Cortright, 2011) . Finding ways to outline a simplified methodology that can combine land use change, spatial growth and utilization of the available capacity of existing network, would be beneficial to all communities where urban sprawl needs to be addressed and resolved by promoting a sustainable land use planning and transport system. Literature related to the simplified land use change model was reviewed to formulate a model that can detect the probability of future development of an area. A study on urban sprawl utilized an elaborate methodology to develop new measures of compactness that have more face validity and were used in our study. An Origin-Destination Matrix Estimation tool was used to find an efficient way to incorporate capacity utilization along with the products from the urban sprawl scoring scheme and land use change model. An appropriate methodology was chosen to consider this issue and analyze transportation networks and travel behavior. The conclusion was a methodology that can be used to limit sprawl conditions using available capacity in a community.
Background/Literature Review

Travel Demand Model
The travel forecasting process is used to estimate the number of trips at some future date as a means to do highway planning and involves a series of mathematical models that attempt to simulate human behavior in response to a given system of highways, transit and policies (Beimborn, 1995) .
This study focuses on the relationship between land use and transportation system. The following section provides background on integrated land use and transportation planning.
Land Use and Transportation Planning
Previous land use models (such as Lowry model, Projective Optimization Land Use System (POLIS) model, MEPLAN model, Kim's Chicago Model, Micro-Analytical Simulation of Transport, Employment and Residence (MASTER) model and Dortmund Model) used travel cost/accessibilities along with population, housing, employment, and spatial interaction into residential and employment allocation models to optimize an objective function (Southworth, 1995) . The recent studies or models reviewed and summarized can be presented as follows: 
Integrated Land Use/Transportation Model
The integrated models reviewed can be presented as follows: (Rivera, 2009; Gao et al., 2010; Pendyala et al., 2012) .
2) Integrated Transport and Gravity-Based Land Use study concluded that a similar pattern in household and employment distribution between two different scenarios implies a lack of responsiveness from two important sources: too low additional travel costs and insensitivity of the gravity model formulation ).
3) An Integrated Approach to Sustainable Transportation proposed a land use plan that concentrated higher densities and employment along the main arterials and BRT routes and placed all residential areas within walking distance of transit and retail that established a nominal jobs-housing balance. While testing different scenario, diversion 40% of peak hour traffic to other arterial moves bottlenecks to other locations, and without adding car lanes as a solution, giving priority to transit, walking and biking were considered from a sustainable development perspective (Duduta et al., 2010) . (Zhao et al., 2012) .
The above literature does not have any direct connection to urban sprawl that mentions how to limit the dispersion by utilizing current networks. The following section gives a brief literature review on urban sprawl, its causes, remedies and recent studies.
Urban Sprawl
Sprawl means low density, sometimes dispersed, sometimes decentralized, sometimes polycentric, sometimes suburban development (strip, scattered, and leapfrog developments), caused by the consumer preference to live in suburbs, low-cost auto travel, technological innovations, subsidies and public and quasi-public goods (Ewing, 1997) . Ewing definition of sprawl is shown graphically in Figure 1 (a) where few significant centers, low average density, and noticeable development gaps exist due to leapfrogging, which all impose high and avoidable infrastructure, travel, energy, and environmental costs (Zhang, 2010) . housing density distributions to differ from this centralized pattern will be referred to as decentralization. Apparently, Decentralization does not necessarily imply sprawl (Zhang, 2010) . In contrast to sprawl, compactness can preserve agricultural land, promote high capacity transit systems and helps to lower automobile dependency for households, reduce environmental destruction and prevent moral minimalism (Gordon & Richardson, 1997) .
Economists believe that three underlying forces-population growth, rising (Brueckner, 2000) .
Refined versions of sprawl indices defined/shown in "Measuring Sprawl 2014" capture four distinct dimensions of sprawl for instance development density, land use mix, population and employment centering, and street accessibility.
Compactness indices/sprawl-like metrics within metropolitan areas were derived through the use of variables applied in larger area analyses (metropolitan area, urbanized area, and county sprawl metrics) (Ewing & Hamidi, 2014; National Cancer Institute, n.d.; Jessup, 2014) .
Summary of Literature Review and Problem Statement
After reviewing old and recent literature that deals with land use and TDM, the 4) Land use model provides future transportation demand using accessibility/ travel cost term from base year TDM, existing/dynamic land use change which entirely determines the future expansion and building of the new network, considering an optimal way of land use allocation to minimize the system cost of transportation.
5) The Integrated LandSys and FSUTMS model comprises of combined CA and agents models and transportation model, feeding back new travel cost and accessibility into the land use model. It shows that the values of the number of links with higher saturation, the number of households and employments in a congested area, pollutant emissions, fuel usage, VMT, and VHT are lower than those predicted by standalone FSUTMS or LandSys models.
It can be understood that travel cost and accessibility is a minor part of land use change model while land use model governs the future network and major input for travel demand model. It controls the expansion or building new route without considering underutilized roads or the disperse growth of cities.
Transportation improvements, failure to take into account the social value of open space, and failure to recognize the social costs of congestion that cause to excessive commuting, congestion, spatial growth and urban sprawl (Brueckner, 2000) .
To limit the growth of sprawl and utilize the existing capacity of all links, it has been suggested to conduct a study without being totally controlled by the growth of cities. That means a future trip table can be developed by using a land use change model and can be modified to limit sprawl/ spatial growth and can be further adjusted according to the capacity that can be utilized. Thus, it can be a preliminary initiative to build compact cities using current resources instead of the planning of future road network in accordance with the land use forecast model. This information can be very beneficial for land use planners and policy makers to explore enhanced ideas and implement potential changes in transportation policies and investments. 
Network Setup
Huntsville TAZs and network data were obtained and TransCAD 4.7 was used to provide the ODME tool. The model network in TransCAD contained 3097 bidirectional links in the network and 1264 one-way links. Also, there are 525 Traffic Analysis Zones in the network of which 508 are internal zones, and 17 are external zones.
Methods to Estimate O/D Matrix
Most of the studies focused on optimization techniques where an old/target origin/destination matrix was updated by analyzing traffic counts using maximum likelihood, generalized least squares, or Bayesian inference techniques (Abrahamsson, 1998). The estimation method implemented in TransCAD 4.7 was chosen to determine an origin/destination matrix from traffic counts by following user equilibrium (UE) assignment. Many computer models have been proposed and applied for O-D matrix estimation to investigate the relationship between traffic counts and O-D matrix, and TransCAD Model is one of the most widely-used models (Almasri & Al-Jazzar, 2013) . The O/D Matrix Estimation (ODME) procedure in TransCAD is based on the work of Nielsen, which is an iterative (or bi-level) process that switches back and forth between a traffic assignment stage and a matrix estimation stage, until convergence is reached (Corporation, 2002; Iyer, 2010) .
Estimation of O/D Matrices
This section begins with illustrating the ODME procedure and its application. It continues by combining the above findings, adding different hypothetical planning scenarios and demonstrating how OD estimation tool in TransCAD can be used to compare different options.
ODME Tool Description
The following data was prepared/created to use the OD Matrix Estimation procedure in TransCAD (Corporation, 2002) : 1) Base/initial/prior OD matrix 2) Geographic file with required link data: both a node and a line layer 3) Network file from the line layer with attributes such as link flow (count), capacity, time, speed, etc.
The O-D Matrix Estimation procedure/tool can be promptly used, once necessary input files are ready to run. The existing OD was fed into TransCAD as seed/initial matrix and OD estimation was carried out by choosing User Equilibrium assignment method. After completing this procedure successfully, the estimated OD flows can be stored to do a further assessment (Corporation, 2002) .
Traffic can be assigned by TransCAD to the roadway network, and the assigned flows can be regarded as counts to estimate the OD. In this study, since our interest is on available capacity, it is necessary to subtract assigned flows from road capacity that can provide the values of available capacity on each link. In similar fashion, these values can be treated as counts to determine the expected OD with or without any change in the existing OD matrix. This process may alter the pattern of seed matrix significantly in order to fit the counts although they are dependent on the pattern of the seed matrix (Nielsen, 1998) . In our study network, present volume and capacity ratio of 230 links is more than 1. Utilization of the available capacity of uncongested links can make current, and other links overly congested. To prevent the number of congested roadways, an average of 90% of available capacity was treated as count. To do so, random numbers were generated between 0.85 and 0.95, and the count was computed as the product of this value and available capacity.
Formulation of Planning Scenarios
Before outlining the scenarios, the following aspects can be presented briefly:
Probability of Land Use Change
One study stated that that past counts of households and jobs are strong predictors of current counts of all household types, as well as basic and retail employment ). Thus, an existing trip matrix can be modified with the predicted probability of land use change by using the proposed binary logistic model with 2010 dataset. Through the use of constraint matrix balancing existing OD matrix of Huntsville area was iterated until the expected ratio is close to one (Khan, 2016) .
Urban Sprawl Index
Compactness indices/sprawl-like metrics for TAZs were derived using principal component analysis and transformed the first three principal components to an index with the mean of 100 and a standard deviation of 25. The more compact counties have index values above 100 while, the more sprawling counties have index values below 100 (Ewing & Hamidi, 2014) . Number of TAZs (<100) is 214 which is very high comparing to the total number of TAZs. A threshold depending on the quartiles was considered to lower the number of sprawling TAZs. Table 1 provides the number of sprawling TAZs and its threshold (Khan, 2016) .
Because of a higher proportion of sprawling TAZs for both 75 and 50 Percentiles, TAZs below 25 percentile were scrutinized in a later section. It can be observed in Figure 2 most TAZs under the value of 75 Percentile of sprawling indices are at fringes and very few TAZs are located in the center. stance, the available capacity of those roadways was considered zero as the congested links that had no additional capacity for new trips.
Land Availability
The zones based on "Developed" land use type by National Land Cover Database (NLCD) (Multi-Resolution Land Characteristics (MRLC) Consortium, n.d.)
were identified where the land is fully occupied or has moderate space to accommodate any new development. It has been found that the number of saturated and moderately saturated TAZs at the core of our study area is large (about 98) when all types of development were included to identify the available land.
The estimation was narrowed down by considering only medium and high development to determine TAZs with minimal or no space for expansion that is about 36 inside the core. Only saturated TAZs were included in relevant scenarios, and additional scenarios were analyzed without considering the effect of land availability in our existing/expected OD seed matrix (Khan, 2016) .
Development of Hypothetical Scenarios
The features need to be incorporated while constructing hypothetical scenarios are:
1) Modifying existing OD matrix to reflect future probability of land use change that followed the proposed binary logistic model of available capacity was regarded as count and existing OD matrix was varied depending on the aspects that were illustrated in formulating hypothetical scenarios (presented in Table 2 ).
The existing matrix was adjusted according to the Options 1 through 9 to reflect above aspects. To incorporate the characteristic of future land use change, rows and columns of existing matrix were multiplied by the specific factors respectively until resulted factors approach a certain limit. To include characteristic other than the value of land use change probability, row, and column of the corresponding TAZ were replaced by zero that is for sprawling and saturated TAZs.
Results
The measures summarized to compare the scenarios are average Volume-Capacity (V/C) ratio, Total OD trips, Total VMT and the number of links with V/C more than 1.5 (given in Table 3 ).
It can be observed that "F Ava US EX 1" is comparatively more sustainable not only based on the level of congestion it exerts but also considering the least amount of vehicle mileage traveled it produces. To enhance the sustainability and reduce the congestion, this option was assessed by varying the utilization of available capacity from 80% through 40%. Table 4 provides the respective measures along with percent utilization of available capacity. TransCAD that can block any movement along these roadways. OD matrix estimation was performed in TransCAD where 40% of available capacity was regarded as count. Figure 3 shows the assigned flows of estimated trip table when the base trip table of "F Ava US EX 1" was altered, and sprawling links were disabled in TransCAD. Table 5 presents the values of similar measures to understand the impact of adding more sprawling TAZs along with blocking related links. with "147 Sprawling TAZs plus disabling associated links" can promote a more sustainable land use, transportation planning, and transport systems in the long run. Figure 4 presents the additional total trips that can be produced or attracted by TAZs respectively, resulted from the scenario "F Ava US EX 1 (45 -35)" with "147 Sprawling TAZs plus disabling associated links".
Conclusion
It has been addressed in our problem statement that travel cost and accessibility to do with how we build our cities than how we build our roads (Cortright, 2011) .
The main motive of this study is to address urban sprawl and available capacity utilization and combine those features with land use change model for having a notion of forming more compact cities.
The study presents the formulation of different planning scenarios and estimation of OD matrices, including the aspects of future land use change, limiting sprawl by utilizing available capacity. This paper conducted a rigorous step by step analysis to determine a better solution or a more compact trip table that results in more trips inside the city of Huntsville if a TAZ can accommodate new trips. Based on the least amount of vehicle mileage traveled and a minimum number of congested links, a preferred scenario was identified that is the important part of this research. Hence, it is a preliminary initiative to build compact cities using current resources instead of the planning of future road network solely depending on the land use forecast model.
These results can provide a better understanding of how communities have 
